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@ of eeeium aontaut ion i sa t ion  thrustors for space propulsion systems. Ele0tzd.o 
.fE! I 
YI I, p r c p - ~ ~ a i o n ,  as exemplified by a contact ionizat ion aowce ha8 several poten- 

' tials for future space missions. 

= -  
Theacs include s ta t ion  kee;3fng, instrumented 

probes to other planets of the solar system, lunar ferries, and a l s o  manned 

planetary missions. (Refs. 1, 2) 
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An elsatrib w e e  thrusting unit wi;tl aonatst of ar~  elsatfie powrrr 

generating soume, an electrie conc€ip;Poning srystam, prepellant aterage vrd 





loas of t m t ,  

2. Pore sizr%, B ~ A C ~  large pores cause a large amount of neutsal 

l i fe .  'Ihe pore size i n  the tungsten esiitter should be q:roximat,sly ona 

micron or less in diameter. 

3. Pore spacing, since large spacin;: results in law current dsnsrit;i. 

A low current density results in increased engine frmtal area and rsdueed 
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properties. 

m g e n  reduced and preliminary data on q,her ical  tungsten powders indiaidCe 

Unfortunately, the results avsdlable on slatering of both 

a major problem area &.atso 

In this paper we wi.3.1 first discuss the r e s u l t s  obtained in the dntering 

s ize  on hydrortatiaally pressed powders. 

Second, we w i l l   scups the sintering theory as outlined by KuczynsEd, 

demonstrating t h a t  it6 sixplified approsh  niust Inalude first a grain 



in a h y d m ~ e n  atmosphere. 

excellent agreement is shown 'between lauoratoriea fo r  one ;ilicron :, .articles 

i.-l",oou& the data 'were a L t a i ~ i e d  S~OJ,: - L ~ ~ o  soui'ccsl 

of hydrogen reduced powder. The w t h o d  of : ict . t ing damnstraws E s t r a i d h t  
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In order for us to apply hie  tsworg, w eLret mwt ctonsider %he 

(closs packed) and cubic (open) packing, 

stacking lqyers of either of thesa two systexs one on top  of tke v.?:.er, 

horgan damnstrates uhlrt by 

- 7 -  





e X =  at -TAR/ 
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lie considers grairi  b m r - r j  dif .f i ;ai~n to w a part of volu~ie iiifl"hsion. 

However, Lengnuir (fief. 13) and Le :laire (-,ef'. 14) clktel-nlined t'at for. 

diffusion of thorium in tungskzi, iherc a s  wree diffusion lnecha dsiis. 

Their  results are p lo t t ed  in figpre 73, where &ha log of t!ie diffusion rate D 

is plc t ted  a p i n s t  Lhe reciGrocai of tw'pe?at.urs, resu l t ing  in 6 traignt l.het3. 
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can &mw the increme of X (neck width) with tima for 8 pwtfc1.e diameter 

a given temperature. For emmqile, for a 2 niicrmn diameter particle  at 





%O W c S f b b U S  Sf tadr tn0 0- ks shorn by fiZ'8'% 4k(ospad- 

Pi- 9, d o h  iPr $b atual &tar- If YCI 00l;lrpidCu S~W- d# 

a 70$ denrSaty at l.267' C, then the time t o  proceed t o  an 808 density can 

be &mn to be (90-100 hours) or 200 houra. Similarly, at 1062' C f r a  

70 to 80% density muld take approdmtely 500 hours. 

U' w8 consider the tfieoreticd grain bar- diffusion mechanism for 

the 1 micron diameter particles in M@re 9$ than t o  agafn pmceed from a 

70 to 8otg density at 1267' C (10~16) would take 94 hours, w h i l e  at 1062' C 

(500-60) the  ADI IS would IB Slro houri.  

Under volume diffusion, however, tu shown in Figure 10, there would be 



‘fhe tranamiasion cotffleient C a8 defined is: 

This f igure shows esserrtially zero permeable poros iQ Over 88% density. 

Generally, the traiamission coefficient ‘5 constant below IO HN H&, 
soh is the level gmerally used f o r  -hn propulsion, 80 that flow can be 

considered i n  Lhe free-moleoular rarlge through the poroim tungsten plug. 

Sinue there is indication of further sintering w i t h  U n s  even a t  

ionis ing tmperatures, my change in t r a m i s d o n  coefficient can be dmwn 

to affect the current density. (Refs. 4, 16, 17) 



at a maximum at approximately equal atoxic percentages. 

3. Adding an eutectic forming n d a l  which w o d d  affec-i, the 

s in te r ing  rate. Again, any additions wuld, of IiecessLtY, be how-er, 

a carefhl exemination of t h i s  technique might deimmtmte the opposite effwt, 
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16. R. (3. Wilson, 0, D. Seele, and J, F. Ron, n h f B c e  Xdzat lon  of Cesium 
with P O ~ U E I  Tungaten Ionizers,!' AIM ElectrLa Propuldon Conference, 
Colorado Springs, Colorado, b r e h ,  1963. 
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